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A WARNING AND A PROMISE 
From the story of the Morrow plots come both a warning and a promise. The warning is symbolized 
by the top ear of corn in the picture at the left. For this ear grew on a plot where once the soil was 
productive. Year after year the land was plowed and planted to corn; year after year the corn 
removed nutrients from the soil which were never returned. And so the corn plants are now stunted 
and pale, producing only a small yield of low-quality nubbins. The plot shows us all too well the 
disaster that has already struck many Illinois soils and that is threatening to overtake thousands of 
acres more. 
The other ear of corn, however, reminds us that with a good rotation and adequate soil 
treatment we can reap the benefits of the soil ourselves and still keep it productive for our children. 
In recent years, another promise has been added to this - that not all of our badly damaged soils 
are completely lost; with proper care some of them can become fertile again. 
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It is thanks to a few early leaders at the University of Illinois that today we can learn from 
the Morrow plots the long-time effects of different cropping systems with and without soil treatment. 
Our principal debt is to George E. Morrow, after whom the plots are named, and Manley Miles. 
In the early years of the University, when the need for short-time projects was great, they had 
the vision to plan a long-time experiment for the benefit of future generations. The plots were laid 
out in 1876 and are the oldest soil experiment field in America. 
THE PLOTS - DESCRIPTION AND MANAGEMENT 
Originally there were ten plots, each lh acre in size. In 1903, however, all but three of the original 
plots were discontinued. The following year each of these three was reduced to about 75 acre and 
was divided into half, making a total of six 'lio-acre plots. That is how they remain today. 
Three cropping systems followed 
1. The two north plots have grown corn continuously since 1876. 
2. The two middle plots have been cropped to a corn-oats rotation. Since 1904 catch crops 
have been seeded in the oats on the southern of these two plots, and plowed down the following 
spring for com. 
3. Since 1901 the two plots at the south have been cropped to a corn-oats-red clover rotation. 
Before then, the rotation was corn-corn-oats-meadow-meadow-meadow. 
I · 
Soil treatment, 1904-1955 
By 1904 the effects of the different cropping systems were showing up in the yields. But none of the 
plots had received any manure or other fertilizers. So two new questions were raised. How would 
soil treatment affect differences in yield among the three cropping systems? And how would it affect 
yields within each system? 
To answer these questions the north plot in each cropping system has been continued without 
treatment. All grain, straw, stalks, and hay have been removed. Stubble and roots have been the 
only residues returned to the soil. The south plot in each system has received a manure-limestone­
phosphorus (MLP ) treatment. In addition, as already mentioned, a legume catch crop has been 
plowed down for corn on the corn-oats plot. 
Manure. From 1904 to 1909 manure was applied at the rate of 2 tons to the acre. Since then, 
the amount added has equaled the air-dry weight of the crops removed. For all cropping systems, 
the manure is applied immediately before the corn crop. 
Limestone. Five applications of limestone have been made at the following rates: 1904, 0.85 
ton per acre; 1919, 5 tons; 1943, 3 tons; 1949, 2 tons; and 1955, 2 tons. 
Phosphate. Between 1904 and 1925 a total of 6.60 tons of rock phosphate per acre was applied 
to the west half of each south plot. During the same period 1.65 tons of bone phosphate were 
applied to the east half. No phosphate was applied after 1925. 
C O R N  Y I E L D S  - 1 9 0 4 - 1 9 5 5  
D i f f e r e n c e s  s h o w  u p  i n  l o n g - t i m e  a v e r a g e s  
N o w ,  a f t e r  s o  m a n y  y e a r s ,  h o w  h a v e  c r o p p i n g  s y s t e m  a n d  s o i l  t r e a t m e n t  a f f e c t e d  c o r n  y i e l d s ?  L e t  
u s  c o n s i d e r  f i r s t  t h e  a v e r a g e  y i e l d s  s i n c e  s o i l  t r e a t m e n t  w a s  b e g u n .  B e t w e e n  1 9 0 4  a n d  1 9 5 5  a l l  p l o t s  
h a v e  g r o w n  c o r n  a t  t h e  s a m e  t i m e  i n  n i n e  d i f f e r e n t  y e a r s ,  t h e  f i r s t  y e a r  b e i n g  1 9 0 7 .  A v e r a g e  y i e l d s  
f o r  t h e s e  n i n e  y e a r s  a r e  s h o w n  i n  t h e  d i a g r a m  b e l o w .  
A s  w o u l d  b e  e x p e c t e d ,  t h e  g r e a t e s t  d i f f e r e n c e  i s  b e t w e e n  t h e  u n t r e a t e d  c o n t i n u o u s  c o r n  a n d  t h e  
t r e a t e d  c o m - o a t s - c l o v e r  p l o t .  T h e  c o m b i n a t i o n  o f  s o i l  t r e a t m e n t  a n d  t h e  t h r e e - y e a r  r o t a t i o n  h a s  m o r e  
t h a n  t r i p l e d  a v e r a g e  c o r n  y i e l d s .  
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The value of the corn-oats-clover rotation lies largely in the ability of clover to take nitrogen 
from the air. Even when a hay crop is removed, some of the nitrogen remains in the soil for 
succeeding crops. Comparing the untreated plots, we see that the rotation including clover has 
produced more than twice as much corn as the continuous-corn system, and 63 percent more than 
the corn-oats rotation. 
The greatest increases due to MLP treatment alone were in the corn and corn-oats systems, 
where yields were doubled. In the corn-oats-clover system, where yields were already relatively high, 
treatment increased yields by 40 percent. It is not possible to separate the individual effects of 
manure, limestone, and phosphate. No doubt the yield increases reflect the direct effects of manure 
and phosphate and the indirect effects of limestone. 
G r e a t e r  d i f f e r e n c e s  i n  r e c e n t  y e a r s  
L o n g - t i m e  a v e r a g e  y i e l d s  d o  n o t  s h o w  u s  t h e  f u l l  e x t e n t  o f  p r e s e n t  d i f f e r e n c e s  i n  t h e  p l o t s .  A c t u a l l y ,  
i n  r e c e n t  y e a r s  t h e  t r e a t e d  c o r n - o a t s - c l o v e r  p l o t  h a s  b e e n  y i e l d i n g  m o r e  t h a n  f o u r  t i m e s  a s  m u c h  a s  
t h e  u n t r e a t e d  c o n t i n u o u s - c o r n  p l o t .  T h i s  c a n  b e  s e e n  i n  t h e  c h a r t  b e l o w ,  w h i c h  g i v e s  a v e r a g e  y i e l d s  
f o r  1 9 3 8 - 1 9 5 5 ,  a s  w e l l  a s  f o r  1 9 2 0 - 1 9 3 7  a n d  1 9 0 4 - 1 9 1 9 .  A l l  c o r n  y i e l d s  o n  e a c h  p l o t  w e r e  i n c l u d e d  
i n  t h e  a v e r a g e s .  
A s  c a n  b e  s e e n  f r o m  t h e  c h a r t ,  y i e l d s  o n  t h e  u n t r e a t e d ,  c o n t i n u o u s - c o r n  p l o t  c h a n g e d  v e r y  l i t t l e  
i n  5 2  y e a r s .  F r o m  1 8 8 8  t o  1 9 0 3  t h i s  p l o t  h a d  a v e r a g e d  4 0  b u s h e l s ,  b u t  s o o n  t h e r e a f t e r  p r o d u c t i v i t y  
d r o p p e d  t o  a  v e r y  l o w  l e v e l .  I n  1 9 3 7 ,  h y b r i d  v a r i e t i e s  w e r e  i n t r o d u c e d  o n t o  t h e  p l o t s  a n d  o t h e r  
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changes were made in management practices, including a heavier planting rate. However, the soil 
growing corn continuously without treatment was so low in nutrients that it could not take advantage 
of the possibilities in hybrid corn or respond to the other new practices. 
All the treated plots and the untreated corn-oats-clover plot showed marked yield increases 
after 1937, driving home the value of both the MLP treatment and the nitrogen-supplying rotation. 
Either treatment alone or rotation alone kept the soil moderately productive; the two together made 
the difference between 23-bushel corn and 100-bushel corn. 
CHANGES IN THE SOIL 
Closely tied to differences in crop-yielding capacity are differences in the chemical, physical, and 
biological nature of the soil on the various plots. 
Chemical reactions 
We don't know much about the history of soil acidity on the Morrow plots, since modern methods 
of determining reaction were not available for many years after the plots were laid out. We do 
know, however, that all the untreated plots are now distinctly acid. In 1955 they had a pH of about 
5.0. This is to be expected, since soils become increasingly acid as they age. Naturally, on the plots 
where limestone has been applied the pH is considerably higher - about 6.4. 
Cropping system has not appreciably affected soil reaction, either on the treated or the untreated 
p l o t s .  T h i s  i s  s o m e w h a t  s u r p r i s i n g ,  b e c a u s e  l a r g e r  c r o p s  h a v e  b e e n  r e m o v e d  i n  t h e  c o r n - o a t s - c l o v e r  
a n d  c o r n - o a t s  r o t a t i o n s  t h a n  i n  t h e  c o n t i n u o u s - c o r n  s y s t e m .  
N o r  d o e s  c r o p p i n g  s y s t e m  s e e m  t o  h a v e  h a d  m u c h ,  i f  a n y ,  e f f e c t  o n  t h e  s u p p l y  o f  a v a i l a b l e  
p h o s p h o r u s .  A l l  t h e  u n t r e a t e d  p l o t s  a r e  l o w  i n  t h i s  e l e m e n t  a c c o r d i n g  t o  b o t h  t h e  B r a y  P I  a n d  P 2  
t e s t s .  P l o t s  w h i c h  h a v e  r e c e i v e d  p h o s p h a t e  t e s t  h i g h e r .  
A l l  p l o t s  a r e  r e l a t i v e l y  h i g h  i n  a v a i l a b l e  p o t a s s i u m ,  w i t h  t h e  p l o t s  t h a t  r e c e i v e  m a n u r e  t e s t i n g  
s o m e w h a t  h i g h e r  t h a n  t h e  u n t r e a t e d  p l o t s .  
P h y s i c a l  c o n d i t i o n  
W h e r e  c o r n  h a s  b e e n  g r o w i n g  y e a r  a f t e r  y e a r  w i t h  n o  s o i l  t r e a t m e n t ,  t i l t h  i s  o b v i o u s l y  p o o r .  
I n t e n s i v e  c u l t i v a t i o n  t h r o u g h  t h e  y e a r s  h a s  b r o k e n  d o w n  t h e  s o i l  s t r u c t u r e ,  m a k i n g  i t  d i f f i c u l t  f o r  
a i r  a n d  w a t e r  t o  p a s s  t h r o u g h  t h e  s o i l .  T i l t h  i s  b e t t e r  o n  t h e  o t h e r  p l o t s ,  b e i n g  b e s t  o f  a l l  o n  t h e  
t r e a t e d  c o r n - o a t s - c l o v e r .  H e r e  w e  s e e  a  c r u m b l y  s t r u c t u r e  t h a t  m a k e s  t h e  s o i l  e a s y  t o  w o r k  a n d  
p e r m i t s  e a s y  p e n e t r a t i o n  b y  w a t e r  a n d  a i r .  
O r g a n i c  m a t t e r  
T h e  a m o u n t  o f  o r g a n i c  m a t t e r  i n  t h e  M o r r o w  p l o t s  r e f l e c t s  b o t h  c r o p p i n g  s y s t e m  a n d  s o i l  t r e a t m e n t .  
F i g u r e s  f o r  1 9 0 4 ,  w h e n  t r e a t m e n t  w a s  b e g u n ,  a n d  f o r  1 9 5 3  a r e  g i v e n  i n  t h e  c h a r t  o n  t h e  n e x t  p a g e .  
W e  d o n ' t  k n o w  t h e  o r g a n i c - m a t t e r  c o n t e n t  o f  t h e  p l o t s  w h e n  t h e y  w e r e  f i r s t  l a i d  o u t .  
P r e s u m a b l y ,  h o w e v e r ,  a l l  p l o t s  w e r e  s i m i l a r ,  a n d  t h e  d i f f e r e n c e s  f o u n d  i n  1 9 0 4  w e r e  t h e  r e s u l t  o f  
c r o p p i n g  s y s t e m s  p r a c t i c e d  s i n c e  1 8 7 6 .  
The decline on the untreated plots since 1904 has been 40 percent for continuous corn; 23 
percent for corn-oats; and 20 percent for corn-oats-clover. This is to be expected, for, other things 
being similar, the decline in organic matter will vary directly with the proportion of tilled crops 
in a rotation. 
Where soil treatment including manure has been applied, organic-matter content has changed 
very little over the 50-year period. This is particularly true on the corn-oats and corn-oats-cIover 
plots. Greater differences showed up between different parts of these plots than between 1904 and 
1953. It is reasonable to assume then, that soil treatment has maintained organic-matter content on 
these two plots. While there has been no appreciable decrease, however, neither has there been 
an Increase. 
AMOUNTS OF ORGANIC MATTER, 1904 AND 1953 
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Nitrogen 
Since organic matter is a storehouse of nitrogen, we would expect nitrogen values to follow organic­
matter values on the Morrow plots. That this has happened is shown in the chart below. 
As with organic matter, the decline in nitrogen content on untreated soil has been greater with 
the continuous-corn system than with the corn-oats and corn-oats-clover rotations. Also on treated 
plots cropped to corn-oats or corn-oats-clover there has been no significant change in nitrogen content. 
life in the soil 
Before crops can make much use of the nitrogen, phosphorus, and other plant nutrients stored in the 
organic matter, some of the organic matter must be decomposed. This is the work of bacteria and 
AMOUNTS OF NITROGEN, 1904 AND 1953 
YEAR CONTINUOUS CORN CORN·OATS CORN·OATS·CLOVER 
1904 4200 
I- 4000 4600 

4000 4100 4900 

I . 2400 I 3000 I" 35001953 3100 4100 4600 
POUNDS PER ACRE NO TREATMENT _ MlP 
o t h e r  m i c r o b e s  i n  t h e  s o i l .  H o w  f a s t  o r g a n i c  m a t t e r  d e c o m p o s e s  d e p e n d s  o n  t h e  k i n d s  a n d  n u m b e r s  
o f  m i c r o b e s ;  a n d  t h e s e  i n  t u r n  a r e  l a r g e l y  d e t e r m i n e d  b y  t h e  k i n d  a n d  a m o u n t  o f  o r g a n i c  m a t t e r .  
T h e  n u m b e r s  o f  b a c t e r i a  o n  t h e  d i f f e r e n t  p l o t s ,  a s  i n d i c a t e d  b y  t h e  p l a t e  m e t h o d ,  a r e  g i v e n  i n  
t h e  c h a r t  b e l o w .  T o t a l  n u m b e r s  o f  m i c r o b e s  m a y  b e  p r e s u m e d  t o  v a r y  w i t h  t h e  n u m b e r s  o f  b a c t e r i a .  
I t  i s n ' t  s u r p r i s i n g  t h a t  t h e  t r e a t e d  p l o t s  h a v e  m a n y  m o r e  b a c t e r i a  t h a n  t h e  u n t r e a t e d  p l o t s .  
T h e  o r g a n i c  m a t t e r  s u p p l i e d  b y  m a n u r e  i s  r e a d i l y  d e c o m p o s a b l e  a n d  i s  a  s o u r c e  o f  f o o d  f o r  m a n y  
k i n d s  o f  b a c t e r i a .  I n  t h e  u n t r e a t e d  p l o t s ,  t h e  o n l y  o r g a n i c  m a t t e r  i s  i n  t h e  r o o t s  a n d  s t u b b l e ,  w h i c h  
a r e  n o t  e a s i l y  d e c o m p o s e d .  F o r  t h i s  r e a s o n ,  t h e r e  i s  l i t t l e  d i f f e r e n c e  a m o n g  t h e  u n t r e a t e d  p l o t s  i n  
n u m b e r s  o f  b a c t e r i a .  
- A V E R A G E  N U M B E R  O F  B A C T E R I A  
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5  
M I L L I O N S  P E R  G R A M  O F  S O I L  
N O  T R E A T M E N T  
M L P  
NEW HOPE FROM THE MORROW PLOTS 
In 1955 an important new chapter was begun in the history of the Morrow plots. By that time 
more than 50 years had passed since any material change had been made in soil treatment or cropping 
system. And for 80 years the north plot had been growing corn continuously without soil treatment. 
As we have seen, average annual yield on this plot since 1920 was only 23 bushels an acre, and the 
soil was obviously poor in tilth. 
So now new questions arose. Had the soil on the north plot been permanently damaged, or 
could it be revived with new treatment? And had the best plots reached maximum productivity, 
1955-1959 1955, 1957, 1959 1955 1958 
NONE ."46 
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o r  c o u l d  p r o d u c t i v i t y  b e  i m p r o v e d  b y  a d d i n g  m o r e  p l a n t  n u t r i e n t s ?  T o  a n s w e r  t h e s e  q u e s t i o n s ,  
o n e - f o u r t h  o f  e a c h  p l o t  r e c e i v e d  a d d i t i o n a l  s o i l  t r e a t m e n t .  
I n  1 9 5 5 ,  w h e n  a l l  t h e  p l o t s  w e r e  i n  c o r n ,  l i m e s t o n e  w a s  a p p l i e d  t o  p r e v i o u s l y  u n l i m e d  p l o t s  
a t  t h e  r a t e  o f  5  t o n s  a n  a c r e .  N i t r o g e n  i n  t h e  f o r m  o f  u r e a  w a s  a d d e d  a t  t h e s e  r a t e s :  2 0 0  p o u n d s  
a n  a c r e  t o  p l o t s  n o t  h a v i n g  l e g u m e s  i n  t h e  r o t a t i o n  a n d  1 0 0  p o u n d s  a n  a c r e  t o  o t h e r  p l o t s .  A l l  p l o t s  
r e c e i v e d  1 5 0  p o u n d s  o f  P 2 0  5  ( s u p e r p h o s p h a t e )  a n  a c r e  a n d  1 0 0  p o u n d s  o f  K 2 0  ( p o t a s h )  a n  a c r e .  
S i n c e  1 9 5 5 ,  a d d i t i o n a l  s o i l  t r e a t m e n t  h a s  b e e n  a p p l i e d  e a c h  y e a r  t o  t h e  a r e a s  h e a v i l y  f e r t i l i z e d  
i n  1 9 5 5 .  F o r t y  p o u n d s  o f  P 2 0  5  a n d  3 0  p o u n d s  o f  K 2 0  a r e  a p p l i e d  b e f o r e  e a c h  c r o p .  N i t r o g e n  
i s  a p p l i e d  f o r  c o r n  a t  t h e  s a m e  r a t e  a s  i n  1 9 5 5 ;  o a t s  r e c e i v e  5 0  p o u n d s  o n  p l o t s  n o t  h a v i n g  l e g u m e s  
a n d  2 5  p o u n d s  o n  o t h e r s .  N o  n i t r o g e n  i s  a p p l i e d  b e f o r e  a  h a y  c r o p .  
T h e  r e s p o n s e  o f  t h e  p r e v i o u s l y  u n t r e a t e d  c o n t i n u o u s - c o r n  p l o t  t o  t h i s  t r e a t m e n t  w a s  a s t o u n d i n g .  
I n  1 9 5 5  t h e  y i e l d  w a s  8 6  b u s h e l s  a n  a c r e ,  a n d  i n  1 9 5 6  i t  s h o t  u p  t o  1 1 3  b u s h e l s .  S o  i t  w o u l d  s e e m  
t h a t  p h y s i c a l  c o n d i t i o n  d i d  n o t  g r e a t l y  a f f e c t  y i e l d s  w h e n  e n o u g h  p l a n t  f o o d  w a s  s u p p l i e d .  I n  
c o n t r a s t  t o  t h e s e  r e m a r k a b l e  r e s u l t s  i s  t h e  f a c t  t h a t  t h e  n e w  t r e a t m e n t  p r o d u c e d  n o  y i e l d  i n c r e a s e s  
o n  t h e  p r e v i o u s l y  t r e a t e d  c o r n - o a t s - c l o v e r  p l o t .  A p p a r e n t l y  t h e  c o m b i n a t i o n  o f  a  g o o d  r o t a t i o n  a n d  
t h e  M L P  t r e a t m e n t  h a d  m a i n t a i n e d  f e r t i l i t y .  
T h u s ,  f o r  s o m e  o f  o u r  w o r n - o u t  p r a i r i e  s o i l s  t h e r e  i s  n e w  h o p e  t h a t  t h e y  c a n  b e c o m e  p r o d u c t i v e  
o n c e  m o r e .  B u t  t h e  M o r r o w  p l o t s  h a v e  a  d e e p  t o p s o i l ,  l i t t l e  o f  w h i c h  h a s  b e e n  l o s t  b y  e r o s i o n ,  a n d  
a  p e r m e a b l e  s u b s o i l .  T h e  s a d  t r u t h  r e m a i n s  t h a t  o n c e  p r o d u c t i v i t y  h a s  b e e n  l o s t  o n  o u r  m o r e  s h a l l o w  
s o i l s ,  i t  i s  l o s t  f o r  c e n t u r i e s  t o  c o m e .  S o  t h e  w a r n i n g  o f  t h e  M o r r o w  p l o t s  r e m a i n s  w i t h  u s ,  a s  w e l l  a s  
t h e  p r o m i s e .  
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